Purpose: To investigate the changes occurring in the axial length, choroidal 2 thickness and anterior biometrics of the eye during a 10 minute near task performed 3 in downward gaze.
INTRODUCTION
to the commencement of the study, and subjects gave written informed consent and
91
were treated in accordance with the declaration of Helsinki.
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Experimental design
93
A non-contact optical biometer (Lenstar LS900, Haag-Streit international, Koeniz, 
125
Five measurements were taken using the optical biometer at each time point and for each condition and the data were averaged. To reduce any systematic error, the 127 order of the three test conditions was randomized between subjects.
128
Before each of the three test conditions, the subject performed a 10 minute wash-out 
Changes in anterior eye biometrics
Accommodation and downward gaze had no significant influence on central corneal thickness (mean difference from baseline < 2 microns for all conditions, p > 0.05).
There was a trend for the ACD to decrease in downward gaze with far accommodation, compared to primary gaze (mean changes from baseline: -8 ± 9
µm at 0 min, pairwise comparison p > 0.05; -7 ± 7 µm, at 5 minutes, p > 0.05 and -11 ± 10 µm at 10 minutes, p < 0.05) [ Figure 3 ]. These changes in anterior chamber depth with angle of gaze and gaze by time were not significant (ANOVA, gaze, p = 0.06 and gaze by time interaction, p = 0.09).
Accommodation caused a large decrease in ACD in both primary (mean change from baseline -114 ± 10 µm at 0 min, p < 0.001; -127 ± 12 µm at 5 min, p < 0.001
and -138 ± 12 µm at 10 min, p < 0.001) and downward gaze (mean change from baseline -121 ± 10 µm at 0 min, p < 0.001; -150 ± 12 µm at 5 min, p < 0.001 and - 
DISCUSSION
This is the first report of the interaction between downward gaze and accommodation on the axial length of the eye. We found a small but significant increase in axial length (about 8 microns after 10 minutes) in downward gaze with far accommodation. However we also found that axial elongation with accommodation is significantly greater in downward gaze over time (~23 microns after a 10 minutes task), compared to primary gaze. It appears that ciliary muscle contraction during accommodation, combined with changes in extraocular muscle tension in downward gaze, have additive effects on the magnitude of axial elongation in downward gaze.
This may have implications for refractive error development, given the previous association between near work and myopia and the fact that many typical near tasks are performed in downward gaze. However, this biomechanical hypothesis makes the assumption that repeated small increases in axial length, or decreases in choroidal thickness, could lead to longer term eye growth.
30, 31
There is consistent evidence that accommodation can cause a transient increase in axial length during near tasks. [23] [24] [25] [26] It seems feasible that ciliary muscle contraction could exert biomechanical forces on the posterior tissues of the globe resulting in axial elongation during accommodation. 24, 25 A recent study has shown forward movement of the anterior retinal and choroidal tissues towards the ciliary muscle up to 6-7 mm beyond the region of the ora serrata during accommodation in the rhesus monkey's eye.
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In this study, the mean "corrected" change in axial length with accommodation in primary gaze (~ 6 microns for 2.5 D stimulus at 0 min), was of similar magnitude to that reported by Read et al. 26 (~ 5 microns for 3.0 D stimulus). We did not find any significant difference in axial elongation between myopes and emmetropes during accommodation for both primary and downward gaze. This finding is also consistent with the results of Read and colleagues of the effect of accommodation on axial length. 26 On the other hand, Mallen et al. 24 and Woodman et al. 23 reported a significantly greater eye elongation in myopic subjects compared with emmetropic subjects, but both these studies used higher accommodative demands during testing than in this study.
The changes in biomechanical forces acting on the globe may cause axial elongation in downward gaze. It has recently been reported that axial length increases in downward gaze over time with far accommodation, under the apparent influence of extraocular muscles. 31 It should also be noted that our findings of the axial length changes occurring with a moderate level of accommodation (i.e. 2.5 D) relate to a typical reading distance of 40 cm. 36 There is evidence that children may perform reading at close working distance (< 30 cm). The exact mechanism underlying the changes in choroidal thickness during accommodation in downward gaze is not clear. The posterior part of the ciliary muscle inserts into the elastic fibre network of the anterior choroid, 38 which provides a potential mechanical link between ciliary muscle contraction and choroidal thickness change. In a previous experiment, we observed that negative spherical aberration with accommodation was significantly greater in downward gaze compared to primary gaze, and this leads to hyperopic defocus and image blur at the retina. 39 Given that optical defocus leads to changes in the choroidal thickness, [40] [41] [42] it is conceivable that changes in the optics of the eye associated with accommodation and downward gaze could contribute to the changes in the choroidal thickness during near tasks.
The retinal thickness did not exhibit significant change during downward gaze or accommodation. Small misalignments of the line of sight during biometric measurements could result in artefacts in the measurements of ocular biometrics in downward gaze, 43 however the lack of significant change in retinal thickness is good evidence that the changes we observed in axial length and choroidal thickness during downward gaze and accommodation were not due to off-axis measurements of the ocular biometrics, since the specific morphology of the foveal retina means that a small misalignment during biometry measures will cause large changes in retinal thickness. To examine the potential influence of a small axis-misalignment on the ocular biometrics, we measured retinal thickness (n =7) using the Lenstar optical biometer both on-axis and for off-axis measurement eccentricities up to 2° by increments of half a degree along the horizontal and vertical meridians. The retinal thickness increased linearly from the fovea (i.e. on-axis) to the peripheral retina, with the greatest change occurring at 2° eccentricity (mean change 42 ± 9 μm at temporal retina; 38 ± 12 μm at nasal retina; 42 ± 26 μm at superior retina and 47 ± 23 μm at inferior retina) [ Figure 4 ]. In contrast to the changes in retinal thickness, any changes in axial length with these small misalignments were minimal (mean change -10 ± 11 μm at temporal retina; -5 ± 9 μm at nasal retina; -11 ± 9 μm at superior retina and -1 ± 6 μm at inferior retina). Since the results of our study showed only small changes in retinal thickness but larger changes of axial length in some conditions, we are confident that the changes we observed were not the result of subject misalignment during the measurements. 
